To reverse the trend of rising child obesity rates in many middle-income countries, recommendations include increasing fruit and vegetable consumption. Schools can positively impact children's eating behavior, and multicomponent interventions that include the curriculum, school food environments, and parental involvement are most effective.
Introduction
Rising child obesity rates in many middle-income countries undergoing the nutrition transition are a major challenge for the public health field [1] . Being overweight in childhood predisposes children to becoming overweight adults and is a risk factor for noncommunicable diseases [2] . In order to reverse this trend, the Joint Food and Agriculture Organization/World Health Organization (FAO/WHO) Expert Consultation on diet, nutrition, and the prevention of chronic diseases recommended increased consumption of fruits, vegetables and fish, decreased consumption of sugars and starch, and alteration of the types of fats and oils consumed [3] . alleviation of several micronutrient deficiencies [3] . Current recommendations are for at least 400 g per capita per day (the equivalent of five 80-g servings) of fruits and vegetables (which include berries, green leafy and cruciferous vegetables, and legumes but exclude tubers) in order to reduce these disease risks [3] . The World Cancer Research Fund recommends an intake of nonstarchy vegetables and fruits of over 600 g/day [5] . Fruit and vegetable consumption among both children and adults in most regions of the world is lower than current population dietary recommendations [6] [7] [8] [9] [10] .
The role of school meals
School meals can be an important element in a multicomponent array of actions that aim at improving children's diets. Schools can positively impact children's eating behavior by increasing the availability of healthy foods such as fruits, vegetables, whole grains, and low-fat dairy products [11, 12] . Evidence from UK and Norwegian national school food programs shows that increasing availability by providing free fruits and vegetables can impact children's fruit and vegetable consumption [13] . School-based fruit and vegetable schemes also help to increase knowledge of and attitudes toward fruits and vegetables. Furthermore, free school fruit and vegetable schemes can help to reduce differences in fruit and vegetable intakes between socioeconomic groups, as children from poor families tend to have lower fruit and vegetable intakes [13] .
A whole-school approach to promote healthy eating Multicomponent interventions consisting of classroom curriculum, school food environments, parental involvement, and other components are most effective in encouraging children to eat healthy foods [13] [14] [15] [16] . To be truly effective, nutrition education should be included, where classroom learning is linked with practical action [17] . Increasing access to nutritious food can be done by changing school meals and snack provisions, and incorporating gardening, cooking, or tasting programs [13] . Because unhealthy competitive foods acquired by other means (e.g., vendors, tuck shops, lunch boxes) undermine any positive effects of well-designed school food programs, mandated implementation of school food nutrition guidelines is necessary, which applies to all food eaten at school [11] . Local procurement can be one way of obtaining fresh and nutritious food, particularly vegetables and fruits, in season. For example, home-grown school feeding programs focus on linking school food programs with local small-scale farmer production [18] .
Significance of the present study
There is limited information available on dietary guidance provided for school meal provision in middle-income countries, the inclusion of fruits and vegetables in school food, and the extent to which food provision is linked with the educational curriculum to promote healthy eating. The objectives of the current study were to find out how fruits and vegetables feature in the dietary guidelines provided to schools, to see what specific schemes or programs are available for providing fruits and vegetables, to assess the extent to which nutrition education is included in the curriculum, and to find out how fruits and vegetables are procured in middle-income countries.
Methods

The questionnaire
A draft questionnaire was developed by the FAO Nutrition and Consumer Protection Division in 2008. The initial questionnaire was broadly based on a survey on food in European schools conducted by de Boer [19] on behalf of the Council of Europe and WHO Europe as the starting point for the Forum on Healthy Eating. Over half of the questions analyzed in the current work were the same as or very similar to those in the de Boer survey. The FAO survey was shorter than the European survey and was adapted to cover issues relevant to developing countries, with a focus on fruits and vegetables. Other factors, such as a review of the literature and internal discussions that made use of FAO's field experience in conducting nutrition education and fruit and vegetable projects in developing countries, were also considered in compiling the questions.
The draft questionnaire was pretested in two stages by reviewers familiar with the topic. Aspects such as the difficulty, content, wording, and sequence of the questions; the instructions given; and the layout and form of the questionnaire were examined. The validity of the Spanish version of the questionnaire in a Latin American context was also checked. In the first stage, two colleagues from FAO (from the Horticultural Crops Group, Plant Protection and Production Division, and the Nutrition and Consumer Protection Division) and two external reviewers (from the Caribbean Food and Nutrition Institute, Jamaica, and the 5-a-Day Program, Chile) reviewed the questionnaire. The revised questionnaire was then pretested by two other reviewers (from the London School of Hygiene and Tropical Medicine and the School of Public Health, University of California Berkeley, USA). The draft questionnaire was then revised and finalized. It consisted of 42 questions divided into five sections. The questions were a mixture of open-ended and closed-ended (multiplechoice or yes/no), with many of the latter having an "other" option where respondents could give their own responses.
Identification of possible countries
The World Food Programme (WFP) was contacted to obtain a list of countries where the Food for Education program had been phased out. Food for Education is one of the programs that WFP has implemented in many developing countries to attract poor children to school [20] . WFP hands over its activities to the local government once they have ensured that national governments and partners have the capacity and resources required to continue the program. It was assumed that these countries may have addressed the promotion of fruit and vegetable consumption through national policies and programs, independently of support from international aid organizations. Most of the countries finally targeted in the survey had national school meal programs that were largely financed by national budgets rather than by food aid support.
Identification of possible respondents
Respondents were targeted who were national program managers or focal points for school feeding programs.
Regional and subregional FAO nutrition officers and FAO representatives in the selected countries were initially sent an e-mail by the director of the FAO Nutrition and Consumer Protection Division with a letter of introduction stating the aims and objectives of the study and requesting help in identifying knowledgeable respondents from their countries. Respondents were selected on the basis of the information provided by these people and by referring to participant lists at international meetings on school feeding and information provided by people engaged in school feeding. Ninety-seven possible national school feeding coordinators from 58 countries were identified. The possible respondents also included researchers in public institutes and universities and operations staff in nongovernmental organizations (NGOs).
Distribution of the questionnaire
The process of data collection was to send an e-mail introduction from FAO to the recipients; a choice was then given to fill in the survey through a Word document attached, or by using a web-based survey site (www.surveymonkey.com). These recipients were also asked to send their guidelines and school meal standards to FAO.
Data analysis
All data received in the Word format were eventually entered into Survey Monkey format for ease of data analysis and transferred to Excel. This enabled the use of Excel to undertake the analysis of the quantitative aspects of the questions and to summarize the narrative responses in the open-ended questions in this qualitative descriptive study. The responses were separated question-by-question. Based on the topic of each question, selected questions were classified into five groups: background information; policies, rules, and regulations for school meals; provision of fruits and vegetables in primary schools; and nutrition education to promote fruit and vegetable consumption and procurement of fruits and vegetables for primary schools. Data analysis excluded answers to the questions that were not skipped despite instructions in the questionnaire. The completed questionnaires were read independently by two of the researchers, who agreed on the interpretation of answers to open-ended questions. In addition, a summary of the data and of the main results was independently prepared by a third researcher.
The survey response rate was 46% (by number of countries); only questionnaires with answers to more than 50% of the questions were further analyzed. Responses from Turkey and Barbados were excluded because information was only available at the provincial or school level and not at the national level. One response from Nicaragua and responses from Cambodia were excluded because some of the questions selected for analysis were not answered, and the response from the Bahamas was excluded because it was not a middle-income country. For the current work, 22 responses were analyzed, corresponding to 18 countries ( fig. 1 ). Because the study was a part of a large-scale study, only responses to 24 selected questions from the original 42 questions are presented here (Box 1). On average, the respondents answered 88% of the questions analyzed in this paper (calculated as a percentage of the maximum number of possible responses, since some questions could be omitted based on previous responses). Two responses per country were received for Chile, China, India, and Jamaica; the combined responses are presented here. The responses from Mexico refer only to schools where the school food program was implemented full-time; there are other schools that are not part of this program and are dependent on other institutions.
Of the respondents, 45% (10 of 22) were program directors or coordinators of the national school food program. Most of the respondents (73%) were employed by the national authority responsible for school food programs (the Ministry of Education in most cases) for titles and work affiliations of the respondents. This table was given for review purposes only). The rest were researchers in public institutes and universities and operations staff in NGOs.
Literature search
Two literature reviews were conducted; the first was carried out before developing the draft questionnaire and the second at the final writing-up stage of this paper. The first search used Cab Abstracts and PubMed.
The key words used were school lunch(es), school feeding(s), school meal(s), nutrition program(mes), fruit(s), vegetable(s), guideline(s), and/or each region or country name. The purpose of the second survey was to update the literature and to check the reliability of the survey results. Extensive efforts were made to confirm and/or supplement the information obtained from the key informants by referring to the literature. Relevant articles were obtained through a literature search in reference databases (using Scopus and Science Direct). The key words used were a combination of the following: school, food, fruit, vegetable, milk, AND the different country names/developing countries/middle income countries. Relevant information was also obtained from the websites of various UN organizations or NGOs working in developing countries, such as FAO, WFP, the Global Child Nutrition Foundation, and the Caribbean Food and Nutrition Institute. The national school feeding websites were also accessed where available.
Results
Background information on the study countries
Background information on the 18 middle-income countries, on nutritional status, and on fruit and vegetable consumption is given in table 1. Of these, Brazil, Chile, Jamaica, Mexico, South Africa, and Venezuela are classified as upper-middle-income economies. The fruit and vegetable consumption data for children (limited to Chile, China, India, and Mexico) (table 1) and other studies [6] [7] [8] [9] [10] show that intakes were well below the recommended amounts.
Food availability in primary schools
The age group of children attending primary schools was from 6 to 12 years in most countries (table 1). All countries reported that food, meals, and drinks were provided or sold in primary schools. A traditional hot lunch (14 countries) and school breakfast (9 countries) were the most frequently reported meals eaten in school (table 2) . Chile, Jamaica, Nigeria, South Africa, and Thailand reported that children brought lunch boxes from home. Only Bolivia, Thailand, and Venezuela reported that whole or sliced fruits were offered to the schoolchildren. Belize mentioned that food was sometimes bought from vendors and that there was an ongoing dialogue with the food vendors around the schools to provide healthy snacks such as fruits or natural fruit juices. Chile commented that schools are surrounded by informal sale points that sell large quantities of fried foods to the children.
Nutrient-based standards and school meal guidelines
The countries were asked if any nutrient-based standards were available for food consumed in schools (e.g., the recommended nutrient content of an average meal in terms of macro-and micronutrients to be provided to children of different ages), and if any practical school meal guidelines were available to enable local authorities, school cooks, or caterers to develop nutritionally balanced menus.
Twelve countries reported having nutritional BOX 1. Questions selected for the study
Background information
Q1: Respondent's information (title, organization, contact information) Q2: Please state the age group of children for primary schools in your country. Q3: Are any foods/meals/drinks provided or sold in primary schools in your country?
Policies, rules, and regulations for school meals Q10: Are there any nutrient-based standards for foods provided or eaten in primary schools in your country? (e.g., the recommended nutrient content of an average meal in terms of energy, protein, fat, vitamins, minerals, salt, etc. to be provided to children of different ages) Q11: Are there any food-based guidelines, based on the nutrient standards, for the provision of food and healthy eating in primary schools in your country? Q12: Do the food-based guidelines for primary schools follow the national healthy eating guidelines for the general public? Q13: Which of the foods listed below are recommended as part of the food-based guidelines for primary schools? guidelines for the types of food to be served and prepared in schools. On a daily basis, vegetables were recommended in nine countries and fruits in seven countries (table 3) . Regarding food types discouraged or restricted, 9 out of 11 countries reported that sweets and cakes, sugar-sweetened drinks (e.g., soda), and salty snacks were discouraged. Commercially packaged or prepared foods and deep-fried foods were mentioned by eight countries.
School fruit and vegetable schemes
Thirteen countries responded that a school fruit and vegetable scheme supported by the government or by NGOs existed in at least some schools in their countries (table 4). Three countries (Brazil, Bolivia, and Jamaica) responded that there was no such scheme in their countries, whereas respondents from Mexico and Guatemala were not aware if such a scheme existed. Most of these schemes did not appear to be specific programs but were a component of the school food program. The types of fruits and vegetables and the quantities or amounts recommended varied, with some countries having specific recommendations (e.g., Chile, India, Nigeria, South Africa, and Thailand), whereas others were more general. India and Venezuela were the only countries to report a budget for fruits and vegetables: Rs 0.50 (US$0.01) and 0.675 Bf (US$0.31) per child per day in India and Venezuela, respectively.
Implementation constraints for fruit and vegetable schemes
Lack of storage facilities resulting in low shelf life (11 countries) and high cost of fruits and vegetables (10 countries) were among the most frequently cited constraints ( fig. 2) . Other reasons frequently reported were lack of regular supply due to seasonality and insufficient quantity. Six countries reported that fruits and vegetables were not popular among schoolchildren.
Procurement of fruits and vegetables for schools
Mexico and Bolivia did not respond to the questions on procurement. Of the 16 countries that responded, all except Chile listed school gardens as a source of fruits and vegetables; Guatemala and Honduras gave school gardens as the sole source. Local markets were selected by 14 countries, whereas individual small-scale farmers (9 countries) and food suppliers, retailers, or brokers (9 countries) were commonly reported (table 5) .
Farmer cooperatives (including small-scale farmers) were selected by Brazil, Chile, India, South Africa, and Venezuela. In five countries, fruits and vegetables were provided by local self-help measures or contributions from parents or the community. Ecuador reported that fruits and vegetables were provided daily by parents; the fruits and vegetables were voluntary contributions from parents, coming from family orchards or bought in stores or local markets, or occasionally donations c. According to the GCNF 2008 report, the national school food program in Guatemala offers no nutritional or menu guidelines [25] . d. From the literature [25, 27] , the school meal is reported to be flavored milk, cereal, bread or cookie, and juice, and can include a piece of fruit. e. Other information for South Africa: compulsory menu inclusions are vegetables or fruit on a regular basis; provinces are urged to ensure that micronutrients in the vegetables are not destroyed by overcooking. Students must be given 5 servings of fresh fruit and vegetables per week, with green and yellow vegetables served on alternate days. a. The number and percentages of primary schools given as having FV schemes correspond to those having school food programs in general in these countries. This may imply that in these countries all schools having a school food program also have a special FV scheme in action, or that the respondents are just referring to the FV aspect that is included in the general school food programs. b. OPS probably refers to the Pan American Health Organization (PAHO/OPS). from members of the community. In El Salvador parents were reported to complement the meals on a voluntary basis with vegetables such as onions, chillies, potatoes, carrots, and tomatoes.
Lack of continuous supply (seasonality) and lack of a delivery or transportation system were the most common reasons given by six and five countries, respectively, for why fruits and vegetables were not procured from small-scale farmers. Chile commented on the dominance of the market by large-scale farmers. China commented on the need for policies that ensure the quality and safety of food provided by small-scale farmers.
Eight countries reported that support was provided to enable small-scale farmers to take advantage of opportunities of selling produce to schools (table 5). Support via agricultural extension services (four countries) and promotion of small-scale farmer cooperatives were the most frequently cited (four countries), whereas Brazil, South Africa, and Venezuela reported having national regulations and strategies in place. A respondent from India noted that although support was provided, these were individual small-scale efforts and not even a fraction of the country was covered by these schemes.
Nutrition education and school gardens to promote fruit and vegetable consumption
The respondents from Bolivia, Guatemala, and Mexico reported that there were no nutrition education lessons in primary schools (table 6). In all other countries, nutrition was covered to some extent in primary schools, and fruits and vegetables were promoted during these lessons, except in Chile. A respondent from Chile mentioned an ongoing project that focused on nutrition and physical activity covering 50 schools (out of about 11,000 schools countrywide). Chile implemented the 5-a-Day fruit and vegetable program nationwide in 2004/05.
Of the countries that reported having nutrition education in schools, all except Thailand reported that specially developed educational materials focusing on fruit and vegetable education and promotion were used in nutrition education lessons. Only Bolivia responded that there were no organized events in primary schools to promote fruit and vegetable consumption. All other countries reported on the existence of school gardens. Collaboration with public health services (11 countries), a nutrition day or week (10 countries), and collaboration with food professionals (8 countries) were the other commonly reported activities.
Belize reported that efforts were being made through the health and family life education unit to encourage all schools to establish school gardens. South Africa reported that all schools were encouraged to establish school gardens and plant fruit trees in order to help sustain the school food program. Table 7 summarizes some of the main findings relating to fruit and vegetable provision from the present study. One positive finding was that most study countries have implemented nutrition education in school settings, with emphasis on the importance of fruits and vegetables. However, we cannot be sure that nutrition input support (e.g., seeds, fertilizer, machinery, etc.); assisted marketing scheme; agricultural extension
Discussion
Codes used for "Reasons for not procuring FV from small-scale farmers": 1, farmers' inadequate production know-how; 2, insufficient quantity; 3, lack of continuous supply (seasonality); 4, lack of delivery/transportation system; 5, low quality; 6, lack of access to market information; 7, market dominance of large-scale farmers; 8, lack of farmer cooperatives. TABLE 5. Procurement of fruits and vegetables education has been implemented nationwide in these countries. For example, in Chile nutrition education has not been implemented in all schools because it has not yet been incorporated into the official primary school curriculum [31] . In addition, our experience from middle-income countries shows that to be truly effective, a sufficient number of hours per week need to be dedicated to nutrition education lessons, with lessons occurring on a continuous basis and not sporadically. Lesson objectives should be oriented toward achieving behavioral change, and educational materials that focus on achieving these aims should be used [32] . Although Bolivia, Guatemala, and Mexico reported the absence of nutrition education in primary schools, the situation may have changed in Bolivia [33] .
School gardens can have a good impact on increased intakes of and preferences for fruits and vegetables among children [13] . Most of the study countries reported having special activities or events such as school gardens for promoting fruits and vegetables. Our results suggest that in these middle-income countries, school gardens not only are a platform for learning (encouraging awareness of healthy eating and nutrition), but also may be a source of food, especially fruits and vegetables. For example, Guatemala reported that the Ministry of Food and Agriculture promotes school gardens in order to complement the school food, especially in rural areas. In South Africa, the school food program's key objectives included fostering sustainable food production via school gardens [25] . However, the primary aim of a school garden should be as an educational tool [34] . 
Need for collaborative approach with multiple sectors in order to have successful fruit and vegetable schemes
Our results indicate that few middle-income countries have a special fruit and vegetable scheme in place. Only India and Venezuela reported having a marked budget for fruit and vegetable provision. A review article on school-based fruit and vegetable schemes [28] stresses the need for sustainable funding: some schemes initially failed due to lack of government resources and reliance on private industry and parental contribution.
A small pilot study in urban Indian schools to promote increased vegetable consumption through the mid-day meal [32] has shown that the introduction of vegetables into the mid-day meal on a daily basis is feasible and sustainable, provided that adequate funds are allocated. Among the constraints on implementation of fruit and vegetable schemes, lack of storage facilities, high cost of fruits and vegetables, lack of continuous supply (seasonality), and insufficient quantity were the most frequently cited. With regard to storage constraints, it is important to keep in mind that the minimum target of 400 g/day can be made up of fresh, frozen, chilled, canned, or dried fruits and vegetables [35] ; the last two options do not require refrigerated storage.
Some of the constraints cited above are related not just to the educational sector but also to the agricultural sector. We found that several middle-income countries were already implementing a local procurement approach whereby a certain proportion of the school meal is purchased from local farmers, with support provided to farmers via agricultural extension services, promotion of small-scale farmer cooperatives, etc.
Policies and programs need to be targeted according to needs; where availability is low, policy implications should aim to increase availability by encouraging production and trade [36] . For example, in Belize fresh vegetables are imported, primarily from Guatemala and Mexico, although the country grows and exports bananas and citrus fruits [37] . In countries where availability is high, priorities should include structural adjustments (e.g., improved distribution), as well as the promotion of fruits and vegetables through social marketing (e.g., mass media campaigns) [38] and nutrition education in schools. For example, China, India, Brazil, Mexico, and Chile are among the top fresh fruit producers in the world [39] . However, fruit and vegetable consumption data indicate that consumption among children is inadequate in all these countries [9, 22] . As noted by the respondent from Chile, fruit production in Chile is dependent on the export market but not the domestic market.
Importance of parental participation
Studies [40, 41] have highlighted the importance of parental influences on fruit and vegetable consumption by schoolchildren. Parental influences on child intake are manifested through food availability and accessibility, modeling, and child feeding practices [41] . Parental involvement is also needed to ensure that there is a correlation between the food provided at school and the diet children follow at home [17] . Parents can also have a potential role in the monitoring of the quality of the school meal service [42] .
The importance of parental involvement in middleincome countries was evident on many fronts. In several countries, children brought lunch boxes from home. In some countries, food donations, especially fruits and vegetables from parents, were an important means of complementing the school food. In a few countries, the school meal was prepared in the homes of the parents. Parents were also involved in menu planning in many countries (data not shown). Therefore, helping parents improve their knowledge of healthy foods, including fruits and vegetables, should be a priority in middle-income countries.
Need for control of all foods eaten at school
Compulsory school meal standards (nutrient and food based) introduced for UK primary schools in 2008 were seen to result in improvement of lunchtime food provision, with caterers providing more vegetables, fruits, etc., and fewer unhealthy foods [43] . We found that several middle-income countries included in our study did not have school meal guidelines. Even where nutrition guidelines for schools were available, often they did not meet the international recommendations.
In addition to ensuring an adequate provision of fruits and vegetables and other healthy foods, school food guidelines need to cover all foods provided, sold, or consumed within schools, such as food obtained from vending machines, tuck shops, food vendors, and lunch boxes [44] . The respondents from Belize, Chile, and Nigeria mentioned food vendors outside the schools who often sell unhealthy food. Unhealthy competitive foods appear to be a major challenge in other countries too, such as Jamaica and Mexico [24, 27, 45] . Nutrition guidelines and price interventions (e.g., free or subsidized provision of specific foods) have been found to be effective at improving the whole school food environment [44] . Governments also have an important role to play. Some governments are considering or have introduced legislation to ban junk foods in schools. For example, since the beginning of 2011, school shops in Mexico have not been allowed to stock fizzy drinks and sweet and/or fried snacks, although the ban does not affect food vendors at school gates [46] . In India, the New Delhi High Court recently asked the central government to ensure a complete ban on carbonated beverages and junk food in school and college canteens [47] .
Strengths and weaknesses of the study
The majority of participants were national school feeding coordinators, who play a primary role in implementing their national school food programs and were in a position to supply information representative of the school food program in the entire country. Because of the low response rate (46%), our findings cannot be generalized to all middle-income countries but are specific to the countries included in the survey. However, we note that the response rate was not unusually low for surveys of this nature; e.g., the de Boer survey reported that nearly half the countries failed to respond [19] .
Although the key informants were asked to respond regarding the general situation in their country, we cannot know if the results apply only to a subset of schools in each country. Another weakness of the study is that since many of the participants were government employees, they may have had a positive bias and been reluctant to criticize. Although great care was taken in identifying the key informants, in some cases we may not have selected the most knowledgeable persons available. However, since the information collected from the surveys was verified with published data where possible, and since the respondents discussed both positive and negative features, we believe this bias to have been minimal.
Conclusions
Although we have not attempted to make a detailed comparison, it is nevertheless clear that there are large differences among these 18 middle-income countries with respect to efforts to supply primary schoolchildren with fruits and vegetables. Some of the constraints on implementation of fruit and vegetable schemes and possible solutions have been discussed. This study has highlighted the need for school food guidelines, with sufficient amounts of fruits and vegetables recommended, and for specific fruit and vegetable schemes. In addition, the guidelines need to cover all food eaten at school, including competitive foods. The potentially important role of parents is evident. Successful programs will need to use a multicomponent approach aimed at promoting lifelong healthy eating habits in children.
